
6�OH\PDQ�'HPLUHO�hQLYHUVLWHVL��øNWLVDGL�YH�øGDUL�%LOLPOHU�)DN�OWHVL��<�������&����6���V�������� �
(&2120,&�$1$/<6,6�2)�+($7,1*�7+(�3$66,9(�

62/$5�*5((1+286(


$VVRF�3URI�'U�$KPHW�$.'(1ø=

�
$%675$&7��,Q� WKLV� VWXG\�� ILUVWO\�SDVVLYH�VRODU�JUHHQKRXVH� LPSURYHG�E\�$HJHDQ�6RODU� (QHUJ\� ,QVWLWXWH� DUH� LQWURGXFHG�� $IWHUZDUGV�� WKH� UHTXLUHPHQW� RI�DGGLWLRQDO�KHDWLQJ�HQHUJ\�RI� WKLV� W\SH�JUHHQKRXVH�ZDV�GHWHUPLQHG��7KH� OLIH�F\FOH�FRVWLQJ�PRGHO�ZHUH�GHYHORSHG�IRU�HFRQRPLFDO�DQDO\VLV�RI�WKH�KHDWLQJ�RI�SDVVLYH�VRODU�KHDWHG�JUHHQKRXVH��6R�WKH�QXPHULFDO��K\SRWKHWLFDO��FRQFHSWXDO�HFRQRPLFDO�DQDO\VLV�PRGHO�ZDV�FUHDWHG���)ROORZLQJ� WKLV�� HFRQRPLFDO� DQDO\VLV� RI� KHDWLQJ� RI� SDVVLYH� VRODU�JUHHQKRXVH� � ZHUH� VWXGLHG� E\� WKH� PRGHO� PHQWLRQHG� DERYH�� $QG� WKH� EHVW�DOWHUQDWLYH� ZDV� GHWHUPLQHG� XQGHU� WKH� PHWHRURORJLFDO� FRQGLWLRQV� LQ� ø]PLU��785.(<���

�6RODU� SDVVLYH� V\VWHPV�� HFRQRPLF� DQDO\VLV�� OLIH�F\FOH� FRVWLQJ� FRQFHSW�� QHW�SUHVHQW�YDOXH���
���,1752'8&7,21�
$V�NQRZQ��WKH�SULFHV�RI�FRQYHQWLRQDO�IXHOV�ZKLFK�LV�XVHG�IRU�KHDWLQJ�RI�JUHHQKRXVHV�DUH�ULVLQJ�GD\�E\�GD\��$V�DGGLWLRQDO��EHFDXVH�RI�WKH�FUXVHV�LQ������ DQG� ����� DQG� WKH� JXOI� ZDU� LQ� ������ � WKH� SROLF\� RI� JRLQJ� WRZDUGV�UHWDLQDEOH� HQHUJ\� VRXUFHV� HVSHFLDOO\� FOHDQ� HQHUJ\� VRXUFHV� RI� VRODU� NHHS� LWV�LPSRUWDQFH��'HSHQGLQJ� WR� WKHVH� WRWDO� UHDVRQV� WKH�H[SHULPHQWV�DERXW�KHDWLQJ�KRXVHV�DQG�JUHHQKRXVHV�E\�XVLQJ�VRODU�HQHUJ\�DUH�JRLQJ�RQ��:H�FDQ�GLYLGH�WKHVH�H[SHULPHQW�LQWR�WZR�SDUWV��7KH�ILUVW�RQH��LV�WKH�HIIRUWV�RI�WR�LQFUHDVH�WKH�HIIHFWLYHQHVV� RI� VRODU� LQ� FODVVLFDO� JUHHQKRXVHV�� 7KLV� W\SH� RI� ZRUNV�� DUH�FROOHFWHG�RQ�XVLQJ�RI�WKH�KHDW�DW�QLJKW�ZKLFK�FROOHFWHG�GD\�WLPH�DQG�VDYH�KHDW�ORVHV�� � 7KH� VHFRQG� RQH� DV� D� FRPSOHWHO\� GLIIHUHQW�� SODQQHG� SDVVLYH� VRODU�JUHHQKRXVHV� WKDW� LVRODWH�RXWVLGH�RI� WKH�QRUWK�VLGH�ZKLFK� WDNHV� WKH�EHVW�VRODU�UDGLDWLRQ� UDWH� DQG� XVLQJ� WKH� LQVLGH� DV� DQ� HQHUJ\� FROOHFWRU�� 7KH� VWXGLHV� RQ�SRVVLELOLW\� RI� XVLQJ� VRODU� HQHUJ\� LQ� DJULFXOWXUH� DQG� WR� LQFUHDVLQJ� WKH�FRPPHUFLDO� XVLQJ� RI� VRODU� HQHUJ\� LV� JRLQJ� RQ�� ,W� LV� SRVVLEOH� WR� XVH� VRODU�HQHUJ\�HIIHFWLYHO\�LQ�785.(<�ZKLFK�KDV�DQQXDO�DYHUDJH�WHPSHUDWXUH�������& DQG�WKH�WRWDO�VXQQ\�KRXUV�DUH������������KRXUV�LQ�$HJHDQ��0HGLWHUUDQHDQ�


�� 7KLV� SDSHU� ZDV� SUHVHQWHG� LQ� ��UG� &RQIHUHQFH� RQ� 5	'� LQ� $JULFXOWXUDO� (QJLQHHULQJ��
-DQXDU\�������������*|G|OO|�+XQJDU\��



� 1LQH� 6HSWHPEHU� 8QLYHUVLW\�� )DFXOW\� RI� (FRQRPLFV� DQG� $GPLQLVWUDWLYH� 6FLHQFHV�� 'HSW�� 2I�
(FRQRPHWULFV�%XFD�ø]PLU��7XUNH\�



$.'(1ø=��

��

�����

7LPH�

$OWHUQDWLYH�,�

$OWHUQDWLYH�,,�

DQG�VRXWK�HDVW�$QDWROLD�UHJLRQV��([FHSW�VRPH�UHJLRQV�LQ�%ODFN�VHD�UHJLRQ�LQ�DOO�UHJLRQV�\RX�FDQ�XVH�VRODU�HQHUJ\�HIIHFWLYHO\��
,Q� WKLV�VWXG\�� WKH�SDVVLYH�VRODU�JUHHQKRXVH�ZLOO�EH�UHFRJQL]H�ZKLFK�GHYHORSHG� LQ� 6RODU� (QHUJ\� ,QVWLWXWH� RI� � $HJHDQ� 8QLYHUVLW\� WKH� RQO\� VRODU�FHQWHU� RI� 785.(<� DQG� IROORZLQJ� WKLV�� HFRQRPLF� DQDO\VLV� RI� KHDWLQJ� WKH�SDVVLYH�VRODU�JUHHQKRXVH�ZLOO�EH�GRQH��
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/LIH�&\FOH� FRVW� �/&&�� LV� WKH� WRWDO� FRVW� RI� RZQHUVKLS� RI� D� SURGXFW��VWUXFWXUH� RU� V\VWHP� RYHU� LQ� XVHIXO� OLIH�� � 7KH� PDMRU� IDFWRUV� DUH� WKH� FRVW� RI�DFTXLVLWLRQ��RSHUDWLRQ��VHUYLFH��DQG�GLVSRVDO���7KH�FRVWV�ZHUH�DVVRFLDWHG�ZLWK�FRQFHSWXDO� DQDO\VLV�� IHDVLELOLW\� VWXGLHV�� GHYHORSPHQW� DQG� GHVLJQ�� ORJLVWLFV�VXSSRUW�DQDO\VLV��PDQXIDFWXULQJ��DQG�WHVWLQJ��
7KH� ILYH� OLIH�F\FOH� SKDVHV� ZKLFK� KDYLQJ� D� SURMHFW� DUH� VKRZQ� LQ�)LJXUH�����7KLV�)LJXUH���LV�VDPSOHG�ZLWK�WZR�DOWHUQDWLYHV��

�

5HVRXUFH���6+78%��$��³3URMHFW�0DQDJHPHQW´�������)LJXUH����&RVW�&ODVVLILFDWLRQ�E\�WKH�OLIH�F\FOH�3KDVH��

&
RQ
FH
SW
XD
O�'
HV
LJ
Q�

3K
DV
H�

$
GY
DQ
FH
G�

'
HY
HO
RS
P
HQ
W�D
QG
�

GH
WD
LOH
G�
GH
VL
JQ
�S
KD
VH
�

3U
RG
XF
WLR
Q�

3K
DV
H�

2
SH
UD
W�L
RQ
�D
QG
�P
DL
QW
HQ
DQ
FH
�

'
LY
HV
WP
HQ
W��
3K
DV
H�

�
RI�O

LIH�
F\F

OH�F
RVW

�



(FRQRPLF�$QDO\VLV�2I�+HDWLQJ�7KH�3DVVLYH�6RODU�*UHHQKRXVH�

� ��

&��� 6��
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�����8VLQJ�7KH�/FF�0RGHO�

7KH�/&&�0RGHO�GHSHQGV�RQ� WKH�EDVLV� IRU�VHYHUDO�W\SHV�RI�DQDO\VHV�DQG�GHFLVLRQ�PDNLQJ��
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� %\� XVLQJ� D� FRVW� HVWLPDWLQJ� UHODWLRQVKLS�� WKH� HIIHFW� RI� DOWHUQDWLYH�GHFLVLRQV�RI�WKH�V\VWHP¶V�OLIH�F\FOH�FRVW�FDQ�EH�DQDO\]HG�DQG�XVHG�DV�D�EDVLV�IRU� DOWHUQDWLYH� (YDOXDWLRQ� DQG� VHOHFWLRQ�� UHVRXUFH� DFTXLVLWLRQ� DQG�PDQDJHPHQW��
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)UHVK�DLU�FRPHV� LQ� WKURXJK� WKH�ERWWRP�VLGH�RI�QRUWK�ZDOO�DQG�GLUW\�DLU� OHDYH� WKURXJK� XSSHU� VLGH� RI� WKLV�ZDOO��%HFDXVH� RI� VSHFLILFDWLRQV� RI� WKLV��QRUWK�ZDOO�� LW� KDV� D� KHDW� FROOHFWLQJ� DQG� VWRULQJ� UROH�� %HVLGH� RI� WKHVH�YHQWLODWLRQ�KDV�DOVR�D�VDWLVIDFWRU\�UROH��2Q�WKH�WRS�RI�WKH�QRUWK�ZDOO��WKHUH�DUH�VL[�YHQWLODWLRQ�ZLQGRZV��ZKLFK�WKH\�KDYH�DUHD������DW�FHLOLQJ�VXUIDFH�DUHD��*UHHQKRXVH�KDYH�WZR����P��������P��GRRU�RQ�HDVW�DQG�ZHVW�ZKLFK�PDGH�RI�JDOYDQL]HG� VWHHO� SURILOH�� )RU� VDYLQJ� WKH� KHDW� ORVHV�� LQ� WKH� LQVLGH� RI� WKH�JUHHQKRXVH���P�KHLJKW�Q\ORQ�FRYHULQJ�V\VWHP�LQVWDOOHG��7KH�VFKHPDWLF�YLHZ�RI�WKH�PHQWLRQHG�JUHHQKRXVH�LV�VKRZQ�LQ�ILJXUH����
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([SHULPHQWDO� PHDVXUHPHQWV� KDG� EHHQ� WDNHQ� RQ� WKH� SDVVLYH� VRODU�JUHHQKRXVH�ZKLFK� FRPSOHWHG� LQ� ������7KH� LQVLGH� DQG� RXWVLGH� WHPSHUDWXUHV�KDG� EHHQ� UHFRUGHG� E\� XVLQJ� WKHUPRJUDSK�� 7KH� GDLO\� DYHUDJH� WHPSHUDWXUH�GLIIHUHQFHV�LQ�-DQXDU\������DUH�JLYHQ�LQ�ILJXUH����
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,Q�����������ZLQWHU�� DIWHU� VHYHUDO� H[SHULPHQWDO�PHDVXUHPHQWV�� WHQ�EDQDQD� SODQWV� ZHUH� SODQWHG� LQ� WKLV� ������� P��� ������ P�� SDVVLYH� VRODU�JUHHQKRXVH�� )RU� KHDWLQJ� DGGLWLRQDO� WR� WKH� VRODU� HQHUJ\�� JDV� KHDWHU� ZLWKRXW�SLSHV�XVHG�DQG�����OLWHU�JDV� VSHQG��,Q�RQO\�RQH�VHDVRQ������NJ�\LHOG� WDNHQ��WKH�DYDLODELOLW\�RI�WKLV�V\VWHP�ZLOO�EH�H[DPLQHG�E\�HFRQRPLF�DQDO\VLV���
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$PRQJ�WKH�PDQ\�HFRQRPLF�DQDO\VLV�PHWKRGV�WKH�³/LIH�F\FOH�FRVWLQJ�PHWKRG´�DQG�DV�DQ�FRPSDULVRQ�PHWKRG�WKH�³1HW�SUHVHQW�YDOXH�PHWKRG�KDYH�EHHQ�FKRVHQ� IRU� WKH�HFRQRPLF�DQDO\VLV�RI� WKH� VRODU�SDVVLYH�V\VWHPV�XVHG� LQ�WKH� SUHVHQW� LQYHVWLJDWLRQ�� $� TXDQWLWDWLYH�FRQFHSWXDO�K\SRWKHWLFDO� HFRQRPLF�DQDO\VLV� PRGHO� KDV� EHHQ� GHYHORSHG� LQ� WKLV� ZRUN� E\� LPSURYLQJ� WKH� DERYH�PHQWLRQHG�PHWKRGV��7KLV�PRGHO�KDV�EHHQ�DSSOLHG�WR�WKH�ERWK��DFWLYH�DQG�VRODU�SDVVLYH� KHDWLQJ� V\VWHPV� DOWRJHWKHU� VL[� DOWHUQDWLYHV�� )XHO�RLO�� OLJQLWH� ILUHG�FHQWUDO�KHDWLQJ�V\VWHPV�DQG�FRDO�ILUHG�VWRYH�V\VWHPV�DQG�SDVVLYH�VRODU�HQHUJ\�V\VWHPV�VXSSRUWHG�E\�*DV�DQG�&RDO�ILUHG�VWRYH��
7KH�3URSHUWLHV�RI�WKH�0RGHO���
7KH� OLIH�F\FOH� FRVWLQJ� FRQFHSW� LV� HQWLUHO\� D� FRVW� DQDO\VLV� DQG� LW�FRQVLVWV� RI� WKH� LQLWLDO� LQYHVWPHQW� FRVWV� DQG� WKH� RSHUDWLRQ� DQG� PDLQWHQDQFH�FRVWV� ZKLFK� DUH� WKH� FRVWV� VSHQW� GXULQJ� WKH� ZKROH� OLIH� WLPH� RI� WKH� DERYH�
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PHQWLRQHG� VL[� DOWHUQDWLYHV�� 6LQFH� WKH� LQFRPH� GRHV� QRW� H[LVW� LQ� HFRQRPLF�DQDO\VLV�RI�VRODU�SDVVLYH�V\VWHPV�WKH�QHW�SUHVHQW��FRVWV�PHWKRG�KDV�EHHQ�XVHG�LQVWHDG�RI�QHW�SUHVHQW�YDOXH�PHWKRG��DV�IROORZV��
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:KHUH��FN�DQG�L�DUH�WKH�FRVWV�DQG�WKH�LQWHUHVW�UDWH�UHVSHFWLYHO\��7KH�FRPSDULVRQ�KDV�EHHQ�PDGH�E\�WUDQVIHUULQJ�WKH�ZKROH�FRVW�LWHPV�LQ�WR�WKH�QHW�SUHVHQW�YDOXH��
$VVXPSWLRQV�RI�WKH�0RGHO��

��� �7KH�OLIH�WLPH�RI�DFWLYH�V\VWHPV�VKRXOG�EH����\HDUV�DQG�RI�SDVVLYH�VRODU�V\VWHP�XVHG�KHUH�DW�OHDVW����\HDUV��
��� 7KH�LQFUHDVH�LQ�IXHO�SULFHV�KDYH�EHHQ�WDNHQ�LQ�VFHQDULRV�D�E�JLYHQ�EHORZ�IURP� WKH����\HDUV� WUHQG�FXUYHV� IRU� WKH� � VWHSV�RI� WZR�\HDU�PHDQ�YDOXHV��7KH����\HDUV� WUHQG�FXUYHV�KDYH�EHHQ�FDOFXODWHG�XVLQJ�ODVW����\HDUV� IXHO�SULFHV� RU� LQIODWLRQ� UDWHV� DFFRUGLQJ� WR� WKH� GDWD� SXEOLVKHG� E\� 7XUNLVK�FRPPHUFH�FKDPEHU�,VWDQEXO��7KH�VFHQDULRV�DUH���
D�� 6FHQDULR����7KH� IXHO�SULFH� LQFUHDVH� UDWHV�KDYH�EHHQ� WDNHQ� IURP� WKH����\HDUV�WUHQG�FXUYH��
E�� 6FHQDULR� ��� 7KH� IXHO� SULFH� LQFUHDVH� UDWHV� KDYH� EHHQ� WDNHQ� HTXDO� WR� WKH�LQIODWLRQ�UDWHV��
��� $IWHU� ���\HDUV� OLIH� WLPH� RI� DFWLYH� V\VWHPV� WKH� UHSODFHPHQWV� FRVWV� KDYH�EHHQ�DFFRUGLQJ�WR�WKH�LQFUHDVH�RI�FUHGLW�LQWHUHVW�UDWHV�LQ�ERWK�VFHQDULRV��
��� ,Q�WKH�ERWK�VFHQDULRV��WKH�QHW�SUHVHQW�FRVWV�KDYH�EHHQ�FDOFXODWHG�XVLQJ�WKH�FUHGLW� LQWHUHVW� UDWHV��EHJLQQLQJ�ZLWK�DQ� LQLWLDO�YDOXH�RI�����DQG�DGGLQJ����IRU�HDFK�SHULRG�RI�WZR�\HDUV��
��� 7KH�VDOYDJH�YDOXHV�KDYH�EHHQ�WDNHQ�DV�]HUR�IRU�WKH�VL[�DOWHUQDWLYHV��

0DWKHPDWLFDO�6WUXFWXUH�RI�WKH�0RGHO�
7KH� V\PEROV� XVHG� LQ� WKH� PDWKHPDWLFDO� VWUXFWXUH� DUH�� QN JLYHV� WKH�V\VWHP�OLIH�WLPH��Q�LV�WKH�FRPSDULVRQ�SHULRG��L�PHDQV�WKH�LQWHUHVW�UDWH��LHII� LV�WKH� HIIHFWLYH� LQWHUHVW� UDWH�� &� � JLYHV� WKH� LQLWLDO� LQYHVWPHQW� FRVWV�� $� LV� WKH�DQQXDO�FRQVWDQW�RSHUDWLRQ�FRVWV��&��LV�WKH�UHSODFHPHQW�FRVWV�DW�WKH�HQG�RI����\HDUV�DQG�&RK�LV�WKH�LQLWLDO�DX[LOLDU\�KHDW�VRXUFH�FRVWV���
$FFRUGLQJ�WR�WKH�UHODWLRQ�EHWZHHQ�WKH�LQFUHDVH�UDWH�RI�WKH�UHHO�SULFHV�DQG� WKH� FUHGLW� LQWHUHVW� UDWHV�� WKH� QHW� SUHVHQW� FRVWV� ZLOO� EH� FDOFXODWHG�� DV�IROORZV��
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7KH� UHVXOWV� RI� FDOFXODWLRQV� DFFRUGLQJ� WR� (TXDWLRQV� ���� DQG� ���� DQG�7DEOH����*LYH�WKDW�WKH�PLQLPXP�QHW�SUHVHQW�FRVWV�EHORQJV�WR�WKH�VRODU�SDVVLYH�V\VWHP� WKHUHIRUH� WKH� VRODU� SDVVLYH� V\VWHP� LV� WKH� EHVW� FKRLFH� � RI� VL[�DOWHUQDWLYHV�LQ�ERWK�VFHQDULRV��7DEOH����



(FRQRPLF�$QDO\VLV�2I�+HDWLQJ�7KH�3DVVLYH�6RODU�*UHHQKRXVH�

� ��
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7DEOH����5HVXOWV��RI�FRPSXWHU�SURJUDP��
6FHQDULR�1R 7KH�EHVW�DOWHUQDWLYH �QG� DOWHUQDWLYH� �UG�DOWHUQDWLYH�� DQG���� 3DVVLYH�6RODU�(QHUJ\�6XSSRUWHG� E\� FRDO�VWRYH�

3DVVLYH� 6RODU�(QHUJ\� 6XSSRUWHG�E\�JDV�VWRYH�
&RDO�VWRYH�V\VWHP��

6RODU� SDVVLYH� V\VWHPV� ZLOO� EH� UHFRPPHQGHG� IRU� WKH� KHDWLQJ� RI�JUHHQKRXVH�LQ�785.(<���EHFDXVH�WKH\�DUH�HFRQRPLFDO�FRPSHWLWLYH��
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